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I.  I N T R O D U C T I O N  

T h i s  r a t i o n a l e  was p r e p a r e d  i n  a n  a t t e m p t  t o  p r o v i d e  
a bas i s  for a s s i g n i n g  p r i o r i t i e s  t o  manned s p a c e  f l i g h t  e x p e r i -  
ments  s t i l l  i n  t h e  d e f i n i t i o n  p h a s e .  The o b j e c t i v e  i s  t o  i n s u r e  
t h a t  p r o p e r  a c c o u n t  i s  t a k e n  o f  t h e  many a s p e c t s  b e a r i n g  on t h e  
p o t e n t i a l  w o r t h  and  t e c h n i c a l  merit  of e a c h  p roposed  e x p e r i m e n t .  
P r o p e r l y  a p p l i e d ,  s u c h  a r a t i o n a l e  can  be  a v a l u a b l e  management 
t o o l  i n  e x e c u t i n g  long- range  p l a n s .  The e x p e r i m e n t a l  p rogram 
i s  a lways  s u b j e c t  t o  c o n s t r a i n t s  which make i t  i m p o s s i b l e  t o  
f l y  a l l  t h e  w o r t h w h i l e  e x p e r i m e n t s  which a r e  p r o p o s e d ,  To o p t i -  
mize  t h e  a l l o c a t i o n  o f  money, m i s s i o n  p a y l o a d  and t ime ,  w e  
r e q u i r e  some knowledge of r e l a t i v e  p r i o r i t i e s  a t  e v e r y  s tage ,  
i n c l u d i n g  t h a t  o f  e a r l y  d e f i n i t i o n .  

The d e f i n i t i o n  phase  o f  a n  e x p e r i m e n t  i n c l u d e s  t h e  
p e r i o d  f rom a c c e p t a n c e  o f  t h e  i n i t i a l  p r o p o s a l  u n t i l  c o m p l e t i o n  
of a de t a i l ed  i m p l e m e n t a t i o n  p l a n .  The e x p e r i m e n t a l  p rogram up 
t o  f i v e  y e a r s  i n  t h e  f u t u r e  i s  e s s e n t i a l l y  d e l i m i t e d  by t h e  
e x p e r i m e n t s  c u r r e n t l y  b e i n g  d e f i n e d .  A w e l l - o r d e r e d  program 
w i l l  a lways  have  a r e l a t i v e l y  l a r g e  number o f  e x p e r i m e n t s  i n  t h i s  
p h a s e ,  and  these  e x p e r i m e n t s  w i l l  be  s u b j e c t  t o  a h i g h  m o r t a l i t y  
r a t e .  I n i t i a l l y ,  the c o n s t r a i n t s  of m i s s i o n  a v a i l a b i l i t y  a r e  
v e r y  weak, and e x p e r i m e n t s  a r e  p r o p o s e d  and a c c e p t e d  m a i n l y  o n  
t h e  b a s i s  o f  t h e i r  p o t e n t i a l  c o n t r i b u t i o n  t o  program g o a l s .  A s  
t i m e  p a s s e s ,  m i s s i o n  s c h e d u l e s  become f i rmer  and new d i s c o v e r i e s  
i n  s c i e n c e ,  a d v a n c e s  i n  t e c h n o l o g y ,  or changes  i n  program g o a l s  
can  a l l  change  t h e  r e l a t i v e  i m p o r t a n c e  w i t h i n  any g r o u p  o f  e x p e r i -  
m e n t s .  P r i o r i t i e s  a r e ,  t h e r e f o r e ,  s u b j e c t  t o  d r a s t i c  r e v i s i o n  
d u r i n g  t h i s  p e r i o d .  A r a t i o n a l  b a s i s  f o r  r a t i n g  a l l o w s  f o r  r a p i d  
changes  i n  r a n k i n g  and  easy i d e n t i f i c a t i o n  o f  t h e  r e a s o n s  for a 
change .  

The g e n e r a l  approach  and d e t a i l s  o f  t h e  r a t i o n a l e  are 
d e s c r i b e d  i n  t h e  f o l l o w i n g  s e c t i o n s .  I n  t h e  f i n a l  s e c t i o n ,  a 
d i s c u s s i o n  i s  p r e s e n t e d  o f  ou r  e x p e r i e n c e  t o  da t e ,  some s h o r t -  
comings of t h e  method, and p o s s i b l e  improvements  and  e x t e n s i o n s  
of t h e  r a t i o n a l e .  
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11. GENERAL A P P R O A C H  

A n u m e r i c a l  ra t j -ng for e a c h  e x p e r i m e n t  i s  d e r i v e d  
from two s e p a r a t e  f a c t o r s ,  which we assume t o  be i n d e p e n d e n t  
of one a n o t h e r .  The f i r s t  i s  a measure  o f  t h e  p o t e n t i a l  wor th  
(W> or v a l u e  o f  t h e  e x p e r i m e n t ;  t h e  s e c o n d  f a c t o r  i s  a measure  
of t h e  t e c h n i c a l  mer i t  ( T ) .  The f i n a l  r a t i n g  i s  t h e  p r o d u c t  
of  t h e  two f a c t o r s ,  id x T .  I n  o r d e r  to o b t a i n  a h i g h  r a t i n g ,  
t h e r e f o r e ,  a n  e x p e r i m e n t  must be h i g h l y  r a t e d  f o r  b o t h  f a c t o r s .  

Each o f  t h e s e  f a c t o r s ,  i n  t u r n ,  i s  d e r i v e d  from a 
number o f  s u b s i d i a r y  c o n s i d e r a t i o n s .  Thus ,  t h e  p o t e n t i a l  
wor th  compr i se s  b o t h  t h e  i n t r i n s i c  mer i t  o f  t h e  p roposed  ex- 
p e r i m e n t  and a p r i o r i t y  w e i g h t i n g  f a c t o r  r e f l e c t i n g  i t s  r e l a -  
t i o n s h i p  to c u r r e n t  space-program g o a l s  and m i s s i o n s .  The 
t e c h n i c a l  m e r i t  i s  b a s e d  on c o n s i d e r a t i o n  o f  t h e  s u i t a b i l i t y  
f o r  manned s p a c e  f l i g h t * ,  l i k e l i h o o d  o f  s u c c e s s  and c o s t  e f -  
f e c t i v e n e s s  o f  t h e  p roposed  approach .  The d e t a i l s  o f  t h e s e  
c o n s i d e r a t i o n s  a r e  d e s c r i b e d  more f u l l y  i n  t h e  n e x t  two s e c -  
t i o n s .  

Except  f o r  t h e  p r i o r i t y  w e i g h t i n g  f a c t o r s ,  which 
have  been  a s s i g n e d  s e p a r a t e l y ,  e a c h  e x p e r i m e n t  i s  r a t e d  f o r  
e a c h  c h a r a c t e r i s t i c  on a s c a l e  r a n g i n g  f rom 0 to 1 0  i n  i n t e -  
g r a l  s t e p s .  Zero i s  a l w a y s t h e  w o r s t  and  1 0  t h e  b e s t  p o s s i b l e  
r a t i n g .  The r a t i n g s  i n  between have  been  d e t e r m i n e d  m o s t l y  
on a n  e m p i r i c a l  bas i s ,  b y  d i s c u s s i o n s  among t h e  r a t e r s  and re -  
l a t i o n  t o  t h e  o v e r a l l  r a t i n g  p r o c e d u r e .  The 0-10  s c a l e  i s  a 
g e n e r a l l y  f a m i l i a r  o n e ,  e a s y  t o  a p p l y  and i n t e r p r e t .  The es- 
t a b l i s h m e n t  o f  a p p r o p r i a t e  i n t e r v a l s  be tween t h e  e x t r e m e s  of  
z e r o  and t e n ,  however ,  does  p r e s e n t  some s c a l i n g  p r o b l e m s ,  
which  w i l l  be  d i s c u s s e d  l a t e r .  

111. POTENTIAL WORTH 

The p o t e n t i a l  wor th  W i s  d e t e r m i n e d  b y  f i r s t  a s s i g n -  
i n g  e a c h  e x p e r i m e n t  to one of s i x  p r i o r i t y  g r o u p s ,  e a c h  g r o u p  
h a v i n g  a p r i o r i t y  f a c t o r  f .  The g roup  d e f i n i t i o n s  and p r i o r i t y  
f a c t o r s  u s e d  i n  t h e  p r e s e n t  s t u d y  a r e  g i v e n  i n  t h e  t a b l e  be low.  
Each e x p e r i m e n t  i s  a l s o  a s s i g n e d  a m e r i t  r a t i n g  f rom 0 to 1 0 ,  
a s suming  t h a t  t h e  expe r imen t  w i l l  b e  comple t ed  s u c c e s s f u l l y .  
T h i s  r a t i n g  i s  b a s e d  p r i m a r i l y  on judgment  o f  t h e  p o t e n t i a l  
i m p a c t  of t h e  expe r imen t  i n  i t s  f i e l d .  The w o r t h  W i s  t h e n  
g i v e n  b y  t h e  p r o d u c t  of  M and t h e  p r i o r i t y  f a c t o r  7 -9 w i t h  t h e  
r e s u l t  rounded  t o  t h e  n e a r e s t  i n t e g e r .  

* S e e  comments on manned emphasis  i n  l a s t  p a r a g r a p h  of t h i s  
p a p e r .  
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Priority 
Group Factor (f) 

I 5 . 6  

I1 4.0 

I11 2.8 

IV 2.0 

V 1.4 

VI 1 . 0 

Definition ~ - _ _ _  

Direct support of early Apollo missions. 

Peripheral support of early Apollo, or 
for modified ALSEPs immediately follow- 
ing the first ten experiments. 

Important experiments to prove manls 
usefulness and to fulfill a major pro- 

major significance. 

gram goal: - both functions must be of 

Important either for proving man ( o r  
manned systems)or achieving other pro- 
gram goals; either must be of major 
importance and urqency. 

Serving useful program goals, but 
not urgent. 

Minor contribution to program goals. 

Priority Factors 

The definition of these six groups and the assignment 
of priority factors are obviously subject to much discussion. 
Clearly, groups and priorities will change as the program evolves. 
But the present procedure can still be applied for any set of 
groups and priorities. 

The actual priority factors, I., used here have been 
assigned in such a manner that each higher group improves the 
rating by about 40 percent. 
priority group can surpass mediocre experiments in higher groups. 
The 40 percent spacing has been determined by trial and error to 
give a satisfactory degree of overlap between groups. A toprated 
(M = 10) experiment, for example, has the same worth W as an 
experiment rated "7"  in the next higher priority group, or one 
rated ''5" two groups higher. The constant factor of upgrading 
per priority group as well as its value (1.4) are obviously crude 
approximations; but the resulting overlap does seem reasonable, 
whereas larger and smaller factors gave results which do not. 

Thus, good experiments in a low 

Program Goals 

The major program goals considered in assigning these 
priorities include: 
flight capabilities; earth sciences; astronomy and astrophysics; 
life sciences; physical sciences; and advanced technology develop- 
ment. 
given to any of these disciplinary objectives. 

lunar exploration; expansion of manned space 

Except for the first two, no special priority has been 
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Lunar  e x p l o r a t i o n  i s  g i v e n  s p e c i a l  p r - o r i t y  o n l y  f o r  
t h e  p u r p o s e  o f  maximiz ing  t h e  r e t u r n  f rom t h e  n a t i o n ' s  v e r y  
l a r g e  i n v e s t m e n t  i n  e a r l y  l u n a r  l a n d i n g s .  Expe r imen t s  a re  as- 
s i g n e d  t o  g r o u p s  I or I1 o n l y  i f  t h e y  p r o v i d e  d i r e c t  or backup 
s u p p o r t  t o  o b t a i n  r e s u l t s  from s c h e d u l e d  m i s s i o n s .  Lunar  ex-  
p e r i m e n t s  n o t  d i r e c t l y  a s s o c i a b l e  w i t h  t h e s e  e a r l y  l a n d i n g s  
a r e  t r e a t . e d  on  t h e  same b a s i s  a s  e x p e r i m e n t s  i n  o t h e r  a reas .  
Many o f  t h e  l u n a r  e x p e r i m e n t s ,  of c o u r s e ,  s t i l l  have  a h i g h  
p o t e n t i a l  w o r t h  b e c a u s e  o f  t h e i r  c o n t r i b u t i o n  t o  e x p a n s i o n  o f  
manned m i s s i o n  c a p a b i l i t i e s .  

Under e x p a n s i o n  of  manned s p a c e  f l i g h t  c a p a b i l i t i e s ,  
w e  c o n s i d e r  a l l  b i o m e d i c a l  and t e c h n o l o g i c a l  e x p e r i m e n t s  r e l a t e d  
t o  i n c r e a s i n g  our c a p a b i l i t i e s  f o r  manned s p a c e  f l i g h t .  T h i s  
c a t e g o r y  r e c e i v e s  s p e c i a l  c o n s i d e r a t i o n  i n  t h a t  s i g n i f i c a n t  con- 
t r i b u t i o n s  i n  t h i s  area c a u s e  a n  e x p e r i m e n t  i n  any o f  t h e  o t h e r  
a reas  t o  b e  p l a c e d  i n  a h i g h e r  g roup  t h a n  s i m i l a r  e x p e r i m e n t s  
which  do n o t  c o n t r i b u t e  d i r e c t l y  t o  manned s p a c e  f l i g h t .  

t h e  
o r o l  

E a r t h  s c i e n c e  e x p e r i m e n t s  a r e  space -based  s t u d i e s  of  
e a r t h  and  i t s  a t m o s p h e r e ,  i n c l u d i n g  e a r t h  r e s o u r c e s ,  mete- 
ogy and  o t n e r  i m p o r t a n t  f e a t u r e s  which d e t e r m i n e  o u r  i m -  

media te  e n v i r o n m e n t .  The b a s i c  o b j e c t i v e s  are t o  advance  o u r  
knowledge,  to p r e d i c t  and c o n t r o l  o u r  e n v i r o n m e n t ,  and t o  
p e r m i t  b e t t e r  u s e  o f  o u r  n a t u r a l  r e s o u r c e s .  

Astronomy and  a s t r o p h y s i c s  p r o v i d e  a major  s c i e n t i f i c  
f o c u s  f o r  t h e  s p a c e  program i n  t he  n e x t  d e c a d e .  The a b i l i t y  
t o  c o n d u c t  o b s e r v a t i o n s  above t h e  i n t e r f e r i n g  e f f e c t s  o f  t h e  
a t m o s p h e r e  c o n s t i t u t e s  a major  b r e a k t h r o u g h  i n  t h e s e  f i e l d s .  

L i f e  s c i e n c e s  o b j e c t i v e s  i n c l u d e  b i o l o g i c a l  s t u d i e s  
n o t  d i r e c t l y  c o n n e c t e d  w i t h  e x p a n s i o n  o f  o u r  m i s s i o n  c a p a b i l -  
i t i e s .  Manned s p a c e  f l i g h t  p r o v i d e s  u n i q u e  o p p o r t u n i t i e s  f o r  
t h e  s t u d y  of  t h e  l i v i n g  s t a t e  i n  a new env i ronmen t  and f o r  t h e  
s e a r c h  f o r  e x t r a t e r r e s t r i a l  l i f e .  These  s t u d i e s  may a l s o  con- 
t r i b u t e  i n d i r e c t l y  t o  manned f l i g h t  c a p a b i l i t i e s .  

The p h y s i c a l  s c i e n c e s  c a n  a l s o  b e n e f i t  f rom s t u d i e s  
c o n d u c t e d  i n  t h e  u n i q u e  s p a c e  e n v i r o n m e n t .  Expe r imen t s  i n  t h i s  
a rea  i n c l u d e  s t u d i e s  o f  t h e  b e h a v i o r  o f  f l u i d s  and c r y s t a l s  i n  
z e r o  g r a v i t y  and  t e s t s  o f  fundamen ta l  t h e o r i e s  o f  r e l a t i v i t y  
and  g r a v i t a t i o n .  The r a d i a t i o n  e n v i r o n m e n t ,  p a r t i c l e s  and  
f i e l d s  i n  s p a c e ,  p r o p e r t i e s  of  t h e  i o n o s p h e r e  and a u r o r a l  phe- 
nomena may a l s o  b e  i n c l u d e d  h e r e ,  a l t h o u g h  t h e r e  i s  some ove r -  
l a p  w i t h  as t ronomy and e a r t h  s c i e n c e s .  

Advanced t echno logy  g o a l s  i n c l u d e  development  o f  
communica t ion ,  n a v i g a t i o n  and  t r a f f i c  c o n t r o l  s y s t e m s ,  advanced  
s p a c e c r a f t  s u b s y s t e m s ,  and any o t h e r  b a s i c  o r  a p p l i e d  t e c h -  
no logy  r e l a t e d  t o  or b e n e f i t i n g  from t h e  o p p o r t u n i t y  f o r  s p a c e  
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f l i g h t .  Deployment of l a r g e  s p a c e  a n t e n n a s ,  t e s t s  of advanced  
e n v i r o n m e n t a l  c o n t r o l  s y s t e m s :  s t u d i e s  o f  e f f e c t s  o f  s p a c e  
e x p o s u r e  o f  m a t e r i a l s ;  and s t u d i e s  o f  a t m o s p h e r i c  e f f e c t s  on 
communicat ion s y s t e m s  a r e  t y p i c a l  examples  o f  a c t i v i t i e s  i n  
t h i s  a r e a .  

I V .  TECHNICAL MERIT 

?de  d e f i n e  t h e  t e c h n i c a l  mer i t  o f  a n  e x p e r i m e n t  t o  
i n c l u d e  t h o s e  t e c h n i c a l  c o n s i d e r a t i o n s  l y i n g  o u t s i d e  of i t s  
p o t e n t i a l  w o r t h  or p r i o r i t y .  The c a t e g o r i e s  i n  which e x p e r i -  
men t s  a re  r a t e d  from 0 t o  1 0  a r e :  

S = S u i t a b i l i t y  for manned s p a c e  program,  

L = L i k e l i h o o d  of  s u c c e s s ,  and 

C/E = Cos t  e f f e c t i v e n e s s .  

The s u i t a b i l i t y  S* depends  on t h e  n e c e s s i t y  f o r  a 
manned e x p e r i m e n t  i n  space: I n  a d d i t i o n ,  t h e  q u e s t i o n  o f  
whe the r  t h e  e x p e r i m e n t  makes good u s e  o f  t h e  man i s  c o n s i d e r e d .  
F u r t h e r ,  t h e  s u i t a b i l i t y  i s  c o n s i d e r a b l y  r e d u c e d  i f  t h e  e x p e r i -  
ment i m p e r i l s  t h e  a s t r o n a u t  o r  t h e  m i s s i o n  i n  any way. 

L i k e l i h o o d  o f  s u c c e s s  t akes  i n t o  a c c o u n t  t h e  p roba -  
b i l i t y  of o b t a i n i n g  a l l  r e s u l t s  s t a t e d  i n  t h e  o b j e c t i v e ,  
i n c l u d i n g  p rob lems  o f  e x p e r i m e n t a l  c o m p l e x i t y  and past  p e r -  
formance  of s imilar  e x p e r i m e n t s .  

Cos t  e f f e c t i v e n e s s  o f  a n  e x p e r i m e n t  s h o u l d  b e  found  
by d i v i d i n g  t h e  p r o b a b l e  r e t u r n  ( p o t e n t i a l  w o r t h  t i m e s  l i k e l i -  
hood of  s u c c e s s ,  or W x L), by t h e  c o s t  i n  d o l l a r s ,  m i s s i o n  
p a y l o a d  and a s t r o n a u t  t i m e .  A v e r y  e x p e n s i v e  e x p e r i m e n t  may 
s t i l l  b e  h i g h l y  r a t ed  i f  i t  p romises  h i g h l y  s i g n i f i c a n t  r e s u l t s  
and  a p p e a r s  t o  be  t h e  most economica l  a p p r o a c h  t o  i t s  s t a t e d  
o b j e c t i v e .  A t  t h e  o t h e r  ex t r eme ,  a n  i n e x p e n s i v e  e x p e r i m e n t  may 
be  p o o r l y  r a t e d  i f  i t  p romises  t r i v i a l  r e s u l t s  or imposes  a n  
e x c e s s i v e  b u r d e n  on t h e  m i s s i o n .  

These c a t e g o r i e s  a r e  n o t  i n d e p e n d e n t  o f  one  a n o t h e r ,  
and d i s t i n c t i o n s  among them a r e  o f t e n  h a r d  t o  make. An e x p e r i -  
ment low i n  s u i t a b i l i t y  for manned s p a c e  f l i g h t ,  f o r  example ,  i s  
l i k e l y  also t o  be low i n  c o s t  e f f e c t i v e n e s s .  S i m i l a r l y ,  a n  
e x p e r i m e n t  w i t h  s e v e r e  t e c h n o l o g i c a l  d i f f i c u l t i e s  might  be r a t e d  
low i n  l i k e l i h o o d  of s u c c e s s ,  low i n  c o s t  e f f e c t i v e n e s s  ( b e c a u s e  
o f  heavy c o s t  and l o n g  development  t i m e  t o  overcome t h o s e  d i f f i -  
c u l t i e s ) ,  or b o t h ,  depend ing  on t h e  opt imism o f  t h e  r a t e r .  

*See l a s t  p a r a g r a p h  of t h i s  p a p e r .  
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The f a c t  t ha t  c o r r e l a t i o n s  e x i s t  among t h e s e  c h a r a c -  
t e r i s t i c s  i s  n o t  a p a r t i c u l a r l y  s e r i o u s  problem.  The e s s e n t i a l  
p o i n t  i n  making a f a i r  compar ison  i s  to make s u r e  t h a t  a l l  
i m p o r t a n t  f e a t u r e s  o f  t h e  t e c h n i c a l  m e r i t  a r e  e v a l u a t e d  u n i f o r m l y  
for a l l  e x p e r i m e n t s .  

The t e c h n i c a l  m e r i t  T i s  e x p r e s s e d  as t h e  sum o f  S, 
L and  C/E .  The sum i s  u s e d  r a t h e r  t h a n  t h e  p r o d u c t  l a r g e l y  
b e c a u s e  o f  t h e  c o r r e l a t i o n s  among t h e  t h r e e  f a c t o r s ,  b u t  a l s o  
b e c a u s e  a n  e x p e r i m e n t  may s t i l l  b e  d e s i r a b l e  i f  o n l y  one  o f  
t h e  t h r e e  f a c t o r s  i s  v e r y  low. For example ,  an e x p e r i m e n t  
which  makes l i t t l e  or no u s e  o f  man would b e  r a t e d  low i n  
s u i t a b i l i t y  f o r  manned s p a c e  f l i g h t ,  b u t  might  s t i l l  b e  p e r -  
formed w i t h  h i g h  l i k e l i h o o d  o f  s u c c e s s  and i n e x p e n s i v e l y  i n  a 
manned m i s s i o n ,  g i v i n g  i t  h i g h  L and C/E r a t i n g s .  

I n  p r a c t i c e ,  t h e  T v a l u e s  d e t e r m i n e d  i n  t h i s  manner 
t e n d  t o  have  a r e l a t i v e l y  nar row spread .  The dynamic r a n g e  
of T v a l u e s  i n  o u r  f i r s t  t es t  o f  t h i s  method was o n l y  a b o u t  
one  q u a r t e r  o f  t h e  r a n g e  o f  W v a l u e s .  The r a t i n g  o f  a n  e x p e r i -  
ment i s  t h u s  u s u a l l y  d e t e r m i n e d  m o s t l y  b y  i t s  p o t e n t i a l  w o r t h ,  
w i t h  t e c h n i c a l  mer i t  p l a y i n g  a r e l a t i v e l y  minor  r o l e .  T h i s  
i s  as i t  s h o u l d  b e ,  c o n s i d e r i n g  t h e  u n c e r t a i n t y  i n  t h e  t e c h n i c a l  
m e r i t  a t  e a r l y  s t a g e s .  

V. SUMMARY OF THE R A T I N G  C A L C U L A T I O N  

For c o n v e n i e n c e ,  t h e  n u m e r i c a l  p r o c e d u r e  f o r  produc-  

The o v e r a l l  r a t i n g  f o r  e a c h  e x p e r i m e n t  i s  g i v e n  by:  

i n g  a n  o v e r a l l  r a t i n g  i s  summarized b r i e f l y  i n  t h i s  s e c t i o n .  

R a t i n g  = W x T (maximum = 1680), 

where W i s  t h e  p o t e n t i a l  wor th :  

W = f x M (maximum = 56), 

f = p r i o r i t y  f a c t o r  ( v a l u e s  o f  1 . 0 ,  1 . 4 ,  2 . 0 ,  2 . 8 ,  
4 . 0 ,  and 5.6), 

M = i n t r i n s i c  m e r i t  r a t i n g  ( v a l u e s  0 t o  lo), 
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and T i s  t h e  t e c h n i c a l  merit: 

T = S + L + C/E (maximum = 30), 

S = s u i t a b i l i t y  f o r  manned s p a c e  f l i g h t  ( 0  t o  lo), 

L = l i k e l i h o o d  of s u c c e s s  ( 0  to lo), 

C/E = c o s t  e f f e c t i v e n e s s  ( 0  to 10). 

The e n t i r e  r a t i o n a l e  c a n  t h u s  b e  summarized i n  t h e  
s i n g l e  formula.:  

R a t i n g  = ( f  x M) x ( s  + L + c/E). 
VI. D I S C U S S I O N  

Any n u m e r i c a l  r a t i n g  o f  e x p e r i m e n t s  w i l l  a l w a y s  b e  
open  to c r i t i c i s m  on some c o u n t s .  However, when N A S A  r a c e s  t h e  
p rob lem o f  s e l e c t i o n  f rom among s e v e r a l  hundred  c a n d i d a t e s ,  some 
s y s t e m a t i c  p r o c e d u r e  i s  i m p e r a t i v e .  I f  t h e  s y s t e m  t akes  i n t o  
a c c o u n t  t h e  mast i m p o r t a n t  c o n s i d e r a t i o n s  i n  a u n i f o r m  w a y ,  i t  
i s  l i k e l y  t o  be f a r  b e t t e r  t h a n  t h e  judgments  o f  v a r i o u s  p e o p l e  
made sepa ra t e ly  and  w i t h  nc  un i fo rm sys t em.  

We have  t h u s  f a r  used t h i s  method i n  one p r e l i m i n a r y  
t r i a l ,  and  i n  two f u l l - s c a l e  a p p l i c a t i o n s  upon a g r o u p  of  o v e r  
1 0 0  r e a l  e x p e r i m e n t s  w i t h  a team o f  s e v e n  s p e c i a l i s t s  i n  v a r i o u s  
d i s c i p l i n e s  d o i n g  t h e  r a t i n g .  It has been  p o s s i b l e  to i n t e g r a t e  
r e s u l t s  f rom d i f f e r e n t  r a t e r s  w i t h  s u r p r i s i n g l y  few m a l a d j u s t -  
men t s .  T h i s  i s  p r o b a b l y  t r u e  o n l y  b e c a u s e  t h e  s y s t e m  was d i s -  
c u s s e d  t h o r o u g h l y  b e f o r e h a n d  and t h e  r a t e r s  were t h e r e f o r e  i n  
r o u g h  ag reemen t  on t h e  s c a l e  of  r a t i n g  and  t h e  d e f i n i t i o n s  o f  
t h e  v a r i o u s  c a t e g o r i e s .  A f i n a l  r e v i e w  o f  a l l  r a t i n g s  was made 
o r a l l y  w i t h  a l l  t h e  team p r e s e n t  t o  p e r m i t  some a d j u s t m e n t s .  
The r e s u l t i n g  r a t i n g s  were b o t h  r e a s o n a b l e  and  u s e f u l .  

A t a b l e  of  t h e  comple te  r a t i n g s  f o r  e a c h  e x p e r i m e n t  
p r o v i d e s  a g r e a t  d e a l  of  i n f o r m a t i o n .  I n  s u c h  a t a b l e ,  t h e  
s p e c i f i c  r e a s o n s  f o r  a low o r  h i g h  o v e r a l l  r a t i n g  a r e  u s u a l l y  
q u i t e  o b v i o u s .  Re fe rence  t o  these  v a l u e s  p e r m i t s  a r e a s s e s s m e n t  
of t h e  e x p e r i m e n t  a t  a l a t e r  d a t e  i n  c a s e  o f  changes  a f f e c t i n g  
any f a c t o r .  

I n h e r e n t  Shor t comings  

A b a s i c  q u e s t i o n  i s  t h e  u s e f u l n e s s  o f  any scheme to 
r a n k  s u c h  a wide v a r i e t y  of e x p e r i m e n t s  i n  a s i n g l e  o r d e r e d  l i s t .  
The p rob lem a r i s e s  from t h e  v a r i e t y  o f  d i f f e r e n t  f i e l d s  r e p r e -  
s e n t e d  and b e c a u s e  of t h e  g r e a t  v a r i a t i o n  i n  c o s t s  o f  v a r i o u s  
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e x p e r i m e n t s .  F u r t h e r m o r e ,  a n  e x p e r i m e n t  f o r  which c o n s i d e r a b l e  
d e f i n i t i o n  e f f o r t  h a s  a l r e a d y  been  expended i s  s u b j e c t  to f a r  
more comprehens ive  r e v i e w  t h a n  one  f o r  which d e f i n i t i o n  h a s  n o t  
s t a r t e d .  

A s econd  i n h e r e n t  sho r t coming  i s  t h e  small l i k e l i h o o d  
t h a t  a s e l e c t i o n  o f  only t o p - r a t e d  e x p e r i m e n t s  w i l l  l e a d  to a 
b a l a n c e d  e x p e r i m e n t a l  program. T h i s  i s  t r u e  o f  b a l a n c e  w i t h  
r e s p e c t  to t i m e  as wel l  as b a l a n c e  among v a r i o u s  program o b j e c -  
t i v e s ,  s i n c e  i t  i s  n e c e s s a r y  to a c h i e v e  a match be tween e x p e r i -  
ment a v a i l a b i l i t y  and m i s s i o n  s c h e d u l e .  The adequacy  o f  t h e  
program i s  a l s o  a problem.  T h e r e  i s  no g u a r a n t e e  t h a t  any 
s e l e c t i o n ,  e v e n  if t h e  whole  l i s t  were i n c l u d e d ,  would p r o d u c e  
a n  a d e q u a t e  program i n  e a c h  f i e l d .  Ranking t h e  e x p e r i m e n t s  i n  
o r d e r  w i l l  n o t  c o r r e c t  weak areas  i n  t h e  o r i g i n a l  l i s t .  I t  
may, however ,  b e  v e r y  u s e f u l  i n  emphas iz ing  s u c h  weak a reas .  

The problem o f  o v e r l a p p i n g  i s  a t h i r d  s e r i o u s  draw- 
back  to any l i s t  of  r a t ed  e x p e r i m e n t s .  Examples i n c l u d e  s i m p l e  
o v e r l a p  be tween two e x p e r i m e n t s ,  cases  where one  e x p e r i m e n t  may 
b e  u n n e c e s s a r y  i f  a c e r t a i n  group of  o t h e r  e x p e r i m e n t s  i s  d o n e ,  
c a s e s  where a measurement may b e  u s e l e s s  u n l e s s  c e r t a i n  o t h e r s  
a r e  made e i t h e r  p r e v i o u s l y  or s i m u l t a n e o u s l y ,  and  c a s e s  where 
v a r i o u s  c o m b i n a t i o n s  of  t h e s e  f a c t o r s  a r e  p r e s e n t .  The  p rob lem 
i s  t h a t  s u c h  r e l a t i o n s h i p s  a r e  n o t  e x h i b i t e d  i n  a l i n e a r  l i s t i n g  
s u c h  as  t h i s .  A g r e a t  d e a l  of r e l e v a n t  i n f o r m a t i o n  a b o u t  s u c h  
o v e r l a p  i s  uncovered  d u r i n g  t h e  r a t i n g  p r o c e s s .  Our p r a c t i c e  
h a s  been  to n o t e  t h i s  i n f o r m a t i o n  i n  comments on t h e  r a t i n g  
s h e e t s .  T h i s  has proved  h e l p f u l ,  b u t  n o t  e n t i r e l y  s a t i s f a c t o r y .  

P o s s i b l e  ImDrovements 

P o s s i b l e  mechan ica l  improvemeflts i n  t h i s  r a t i o n a l e  
a r e  o f  t h r e e  t y p e s :  improvements and r e f i n e m e n t s  o f  t h e  r a t i n g  
c a t e g o r i e s ;  improvements  o f  t h e  r a t i n g  s c a l e s  w i t h i n  e a c h  c a t e -  
g o r y ;  and r e v i s i o n  o f  the n u m e r i c a l  p r o c e d u r e s .  While  t h e s e  
w i l l  n o t  b e  d i s c u s s e d  h e r e ,  a few remarks  a r e  i m p o r t a n t .  

It would b e  a s imple  matter t o  r e n o r m a l i z e  t h e  r a t i n g s  
t o  a r a n g e  from 0 to 1 0 0 ,  d i v i d i n g  W by 5 . 6  and T by 3 .  The 
r e s u l t  would be  m i s l e a d i n g ,  however,  s i n c e  a n  a v e r a g e  e x p e r i m e n t  
would t h e n  s c o r e  l e s s  t h a n  2 5  " p e r c e n t "  on t h i s  s c a l e ,  i n s t e a d  
o f  50 ' ' p e r c e n t " ,  due t o  t h e  m u l t i p l i c a t i v e  p r o c e s s  o f  t h e  s y s t e m .  

An e a s i l y  u n d e r s t a n d a b l e  r a t i n g  would b e  o b t a i n e d  by 
c o n v e r t i n g  t h e  r e s u l t i n g  l i s t  of a l l  e x p e r i m e n t s  t o  a p e r c e r , t i l e  
b a s i s ,  or some o t h e r  r a t i n g  d e t e r m i n e d  o n l y  by p o s i t i o n  r e l a t i v e  
t o  o t h e r  e x p e r i m e n t s  i n  t h e  l i s t .  T h i s  would ,  however ,  l o s e  
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v a l u a b l e  i n f o r m a t i o n  as t o  r e l a t i v e  s e p a r a t i o n  be tween e x p e r i -  
m e n t s ,  f o r  example ,  e i t h e r  v e r y  c l o s e ,  i n d i c a t i n g  n e a r  e q u a l i t y ,  
o r  v e r y  f a r  a p a r t ,  i n d i c a t i n g  c l e a r  s u p e r i o r i t y  o f  one  e x p e r i m e n t  
o v e r  t h e  o t h e r .  The p r e s e n t  sys t em demonst i -a tes  t h e s e  s e p a r a t i o n s  
n i c e l y .  

Hence, even  though t h e  r e s u l t i n g  number s c a l e  o f  0 t o  
1 6 8 0  i s  n o t  a f ami l i a r  r a n g e ,  it was r e t a i n e d  i n  t h i s  c a s e  and  
s e r v e d  ve ry  w e l l  i n  r a n k i n g  a l l  e x p e r i m e n t s .  

P o s s i b l e  E x t e n s i o n s  

F i n a l l : / ,  w e  may c o n s i d e r  two p o s z i b l e  e x t e n s i o n s  o f  
o u r  r a t i o n a l e :  f i r r t ,  i n c l u s i o n  o f  exper i r r ien ts  a l re , idy  i n  t h e  
development  p h a s e :  and s e c o n d ,  e x t e n s i o n  t o  i r l c l u d e  unmanned 
as w e l l  as manned c x p e r i r n e n t s .  F o r  d ~ v e l  opment-phase e x p e r i -  
m e n t s ,  more a t t e n t i o n  must o b v i o u s l y  b e  p.2icl t o  t h e  t e c h n i c a l  
m e r 7 i t s ,  and  moi’e s p e c i f i c  t e c h n i c a l  f a c t o r s  c a n  b e  i n c l u d e d .  
The s u i t a b i l i t y  f o r  p 3 r t i c u l a r  m i s s i c n s  will a l s o  u s u a l l y  b e  a 
f a c t o r .  O t h e r w i s e ,  t h i s  e x t e n s i o n  c a n  b e  made i n  a q u i t e  
s t r a i g h t f o r w a r d  manner .  

T h e  p r e s e n t  r a t i o n a l e  i s  w e i q h t e d  h e a v i l y  i n  f a v o r  
of manned s p a c e  f l i g h t  e x p e r i m e n t s ,  b o t h  i n  its emphas is  on 
manned s p a c e  g o a l s  i n  t h e  f f a c t o r  and i t s  c o n s i d e r a t i o n  o f  
s u i t a b i l i t y  f o r  man, i n  t h e  T r a t i n g .  A more comprehens ive  
r a t i o n a l e  would r a n k  e x p e r i m e n t s  i n  r e l a t i o n  t o  NASA-wide 
program soals, and t h e  s u i t a b i l i t y  f o r  manned s p a c e  f l i g h t  
would b e  c o n s i d e r e d  a l o n g  w i t h  s u i t a b i l i t y  f o r  unmanned f l i c h t .  
Such  a proceduve  would o b v i o u s l y  b e  v a l u a b l e  i n  d e f i n i n g  a 
b a l a n c e  be tween manned. and unmanned m i s s i o n s  r e s u l t i n g  f rom 
t h e  p r i o r i t i e s  of e x p e r i m e n t s  i n  e a c h  and p r e v e n t i n g  u n n e c e s s a r y  
o v e r l a p  between t h e  two programs.  It waul(1 also c o n t r i b u t e  to 
o v e r a l l  program adequacy  by i n s u r i n g  t h a t  h i g h  p r i o r i t y  e x p e r i -  
men t s  r e c e i v e  due  c o n s i d e r a t i o n  f o r  manned m i s s i o n s  i f  u n f o r e -  
s e e n  c i r c u m s t a n c e s  p r e v e n t  t h e i r  f l i g h t  on unmanned m i s s i o n s .  
F u r t h e r m o r e ,  t h e r e  a r e  many e x p e r i m e n t s  o f  g r e a t  p o t e n t i a l  v a l u e  
t o  t h e  manned s p a c e  program which now r a n k  r e l a t i v e l y  low s i m p l y  
b e c a u s e  t h e y  c a n  b e  done  more e f f e c t i v e l y  i n  unmanned m i s s i o n s .  
T h e s e  e x p e r i m e n t s  a r e  i n  dange r  o f  becoming o r p h a n s ,  n e i t h e r  
s u i t a b l e  for manned f l i g h t  n o r  c o n t r i b u t i n g  t o  unmanned g o a l s ,  
A b r o a d e r  r a t i o n a l e  would a s s u r e  p r o p e r  c o n s i d e r a t i o n  for s u c h  
e x p e r i m e n t s .  
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